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doi:10.1016/j.jds.2011.02.004Abstract Background/purpose: This study investigated the relationship between gingival
osmotic pressure (GOP) and periodontal disease by correlating GOP with alveolar bone loss
(ABL) and gingival proinflammatory cytokine production during periodontitis.
Materials and Methods: Experimental periodontitis was induced on the right maxillary molar
region of 12 rats by injecting an endotoxinþ saline solution (test group), and the opposite
region of the same jaw received a single saline injection in each animal (control group). The
linear alveolar bone level was measured to verify periodontitis creation and to quantify
ABL. Interleukin (Il)-1b and tumor necrosis factor (TNF)-a levels were determined to assess
the gingival proinflammatory cytokine production. The cytokines were measured by enzyme-
linked immunosorbent assay in gingival supernatants obtained from the groups. GOP was
measured in the same supernatants with a digital osmometer.
Results: Increased ABL, cytokine, and GOP levels were evident in the test group compared
with the control group (P< 0.01). Positive correlations were found between the increase in
GOP and ABL, and between the increases in GOP and cytokines in the test group (P< 0.01)
(rZ 0.88 for ABL; rZ 0.76 for Il-1b; rZ 0.81 for TNF-a).
Conclusions: The results reveal that an increase in the GOP may be correlated with ABL and
proinflammatory cytokine production in periodontitis, and it can be possibly used as a marker
of the diseased nature of the periodontium.
Copyright ª 2011, Association for Dental Sciences of the Republic of China. Published
by Elsevier Taiwan LLC. All rights reserved.of Periodontology, Ondokuz Mayıs University, Dental Faculty, Kurupelit 55139, Samsun, Turkey. Tel.:
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20 M. Lu¨tfioglu et alIntroduction Materials and methodsPeriodontal diseases involve a cascade of inflammatory
reactions in which many signaling molecules, complex
cellular interactions, and extracellular pathophysiological
alterations contribute to the process. All of these interac-
tions and alterations cause perturbations of periodontal
connective tissue attachment and destruction of peri-
odontal tissues in the process of developing periodontitis.1
Therefore, subsequent alveolar bone defects and alveolar
bone loss (ABL) reflect essential signs and/or specific
diagnostic markers of tissue destruction in periodontitis.
Proinflammatory cytokines are known to be related to
the modulation of inflammatory responses in periodontal
disease initiation and progression, and local activation of
these cytokines has a direct and/or synergistical impact on
inflammation and tissue destruction of the perio-
dontium.2e5 Regarding these cytokines, elevated levels of
interleukin (Il)-1b and tumor necrosis factor (TNF)-a were
confirmed to be associated with the severity of periodontal
disease,6e8 whereas decreased Il-1b and TNF-a production
in periodontal tissues and gingival crevicular fluid are
important indicators of successful periodontal therapy.9,10
Although Il-1b and TNF-a are not the single mediators of
the periodontal inflammatory process, both proin-
flammatory cytokines are the well-investigated markers of
disease activity and tissue destruction in the diseased
periodontium.5,11e14
Tissue osmotic pressure is the interstitial fluid pressure
in the free fluid of tissues.15 It is a cardinal marker which
denotes alterations in the fluid dynamics of tissues that are
directly associated with the tissue vasculature and fluid
exchange between the vascular and interstitial tissue
compartments.16,17 Although alterations in fluid dynamics
are an essential mechanism to maintain tissue homeostasis
in physiological conditions, such a mechanism also occurs in
the early phases of inflammatory reactions in tissues.16e22
Increased gingival osmotic pressure (GOP), as a variable
of fluid dynamics, has been determined secondarily to
plaque-induced periodontal disease.16,20 This phenomenon
was confirmed by means of an experimental study in rats,
also revealing a positive correlation between GOP and
vascularization of gingiva.17 Afterward, we demonstrated
the same relationship between GOP and the clinical signs of
gingival and/or periodontal inflammation in children with
end-stage renal failure,23 and in diabetic and healthy
individuals with chronic periodontitis.24 These findings
suggest that revealing alterations in the tissue osmotic
pressure in periodontal inflammation may be a working tool
to reflect the diseased nature of the periodontium.
However, whether the GOP, a fluid balance marker of tissue
homeostasis, continues to change throughout the progres-
sion of periodontal inflammation has not been determined
in detail.
In light of current information, this study investigated
the correlation between GOP and gingival proinflammatory
cytokines, which are the markers of severity and activity of
periodontal inflammation, and also the correlation
between GOP and ABL in periodontitis so as to confirm the
relationship between GOP alterations and periodontal
disease.Twelve systemically healthy, adult and male Sprague-
Dawley rats with a mean weight of 220.67 20.57 g were
included in the study. The animals were housed in separate
cages at room temperature and fed a standardized rat diet.
Surgical and/or invasive procedures were performed with
ketamine HCl anesthesia (75e95 mg/kg i.m. injection)
following xylazine-HCl sedation (5 mg/kg i.m. injection).
The study protocol was approved by the ethical committee
of our university for animal experimentation.
Periodontitis creation
The maxillary molar region of each animal was used bilat-
erally to produce the test and control groups, and experi-
mental periodontitis was created on right-side teeth as the
test group, whereas left-side teeth served as the control
group. In the test group, periodontitis was induced by an
endotoxin (Escherichia coli serotype 055: B5, L2637, Sigma
Chemical, St. Louis, MO, USA) injection25 as a 10-mL solution
(1 mg/mL endotoxinþ saline) into the palatal gingiva of the
upper first and second molar regions for 1 week, with the
injections repeated every other day at the same dosage.
The control group teeth simultaneously received a single
saline injection with a similar delivery protocol. The
injections were performed with an insulin syringe with
a 0.33 12-mm needle. Gingival biopsies were collected,
and the animals were sacrificed 1 week after the last
injection to prevent the effects of traumatic reactions
because of the injection and/or single saline delivery.
Gingival biopsy sampling
Biopsies including the palatal gingiva of the first and second
molars were entirely taken as a single tissue sample before
animal sacrifice, placed in a 0.1M sucrose solution, and
stored at 8C for subsequent gingival cytokine and GOP
analyses. Each group contained 12 gingival biopsies for
assessment, and both GOP and proinflammatory cytokines
were determined in the same sample. The biopsies were
blotted and weighed in a microbalance to standardize
tissue samples, and they were placed into a protease
inhibitor (5 mg/mL aprotinin and 1mM EDTA) containing
a phosphate-buffered solution (PBS; pH 7.0, at 4C).26 Thus,
a standard dilution of 10 mg tissue/mL protease inhib-
itorþ phosphate-buffered solution was produced for each
sample.
Alveolar bone level measurement
The linear marginal alveolar bone level was measured by
a method described elsewhere25 to verify periodontitis
creation and to quantify ABL in the groups. Animals
were sacrificed following the biopsy procedure; their heads
were removed and boiled for 10 minutes, and the soft
tissues were manually cleaned off. Then, the skulls were
soaked in a 0.2N NaOH solution at room temperature for
5 minutes to remove the remaining soft-tissue debris. After
these steps, the maxillary jaws were dislodged, washed,
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Figure 1 Correlation between the increases in gingival
osmotic pressure (GOP) and alveolar bone loss (ABL) in the test
group (Pearson correlation test).
Gingival osmotic pressure and periodontal disease 21and dried, and they were stained with 1% methylene
blue for adequate identification of the cementoenamel
junction. The linear vertical distance between cementoe-
namel junction and alveolar crest was measured by one
investigator at 18 different sites in the left and right
maxillary molar regions under a stereomicroscope at 40
magnification. The mean of the measurements were used
as the bone level at each site, and thus, each group con-
tained 12 values for the assessments. Following the
confirmation of periodontitis induction, the collected
samples were processed for proinflammatory cytokine and
GOP analyses.
Proinflammatory cytokine and GOP analyses
Gingival supernatants were derived from these samples to
detect the gingival cytokine and GOP levels. Samples were
homogenized (four times at 27.845 g for 30 s at 10-s
intervals) first, and the homogenates were subsequently
twice processed by a freeze-thawing procedure. After-
ward, sonication (three times at 4e5 mm for 30 s at 10-s
intervals) and centrifugation (at 20.375g for 16 minutes)
were performed to obtain the gingival supernatants. All
these steps were carried out on ice-medium at approxi-
mately 0e4C.
Il-1b and TNF-a levels were determined to evaluate the
gingival proinflammatory cytokine alterations in peri-
odontal disease. For this procedure, 100 mL of supernatant
was used from each sample, and the cytokines were
measured by enzyme-linked immunosorbent assay using
rat-specific Il-1b and TNF-a ELISA kits (Biosource Immuno-
assay Kit, Biosource International, Camarillo, CA, USA).
The GOP was determined by means of a semi-micro
digital osmometer (Digital Automatic Osmometer, Knaur-
ASI, Berlin, Germany) in 150 mL of supernatant for each
sample. The supernatant was placed into the measuring
vessel of the osmometer with a clean, dry pipette, and the
measurement procedure was begun by placing this vessel in
the cooling cavity of the device. The GOP level was
measured in this cavity by initially cooling and crystallizing
it and subsequently warming it up to 20C.
Statistical analysis
Statistical analyses were carried out using the SPSS 12.0
statistical software package (SPSS, Chicago, Il, USA).
Normal distribution of the data was examined by Shapiro
Wilk Test and Student t Test was used to compare theTable 1 Comparison of study parameters between the test and
Test group mean
(nZ 12)
Alveolar bone loss (mm) 0.70 0.07
Interleukin-1b (pg/mL) 64.97 8.69
Tumor necrosis factor-a (pg/mL) 59.35 5.56
Gingival osmotic pressure
(mosmol/kg)
131.27 11.40
a Student t test.
SD, standard deviation.differences between the groups. Correlations between the
parameters were evaluated by Pearson correlation test.
Results
There were evident increases in the ABL, cytokines, and
GOP of the test group compared with those of the control
group (P< 0.01) (Table 1). In the test group, the GOP
increase demonstrated positive correlation with ABL
(P< 0.001) (Fig. 1). The correlation analysis also demon-
strated positive correlations between the GOP and gingival
Il-1b increases (P< 0.01) (Fig. 2), and between the GOP and
gingival TNF-a increases in the test group samples
(P< 0.01) (Fig. 3).
Discussion
Initiation and progression of periodontal disease occur by
means of an inflammatory response in periodontal tissues,
and after the inflammatory reactions are initiated,
miscellaneous enzymes and cytokines are released from
leukocytes, fibroblasts, and other tissue-derived cells.27,28
The induction of proinflammatory cytokines such as Il-b
and TNF-a stimulates the production of secondary media-
tors to improve the inflammatory response which subse-
quently leads to soft- and hard-tissue destruction in the
periodontium.29e31 During this process, gingival tissue
homeostasis is altered because of fluid flow from capillaries
into interstitial spaces, and this was observed or quantifiedcontrol groups.
SD Control group mean SD
(nZ 12)
Pa
0.18 0.05 0.000
34.37 4.11 0.004
26.52 3.78 0.000
66.14 7.56 0.000
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Figure 2 Correlation between the increases in gingival
osmotic pressure (GOP) and gingival interleukin-1b levels (GIL)
in the test group (Pearson correlation test).
22 M. Lu¨tfioglu et alas the GOP increase.16,17,20 Hence, the increase in GOP is
suggested to be one of the inevitable signs of a diseased
periodontium. The present study aimed to verify such
a proposal by evaluating the correlation of GOP with
gingival proinflammatory cytokine production and alveolar
bone destruction in periodontitis.
Methods used to create periodontitis include ligature
placement, nourishing with a soft diet, bacterial injection or
bacterial oral gavage, and a localized lipopolysaccharide
(LPS) injection.32e38 Although it was postulated that these
methods are satisfactory in generating periodontal inflam-
mation and/or alveolar bone loss, a localized LPS injection
may be a more-controlled method, as repeated doses of this
stimulant may induce more-predictable reactions in
tissues.39 LPS extracted from E. coli is a very potent endo-
toxin in tissue destruction, and it is widely used to create
experimental periodontitis as a non-periodontopathogenic
bacterial agent25,39e42 because of its similar effects on the
periodontium as the LPS of periodontopathogenic
bacteria.25,43 In the present study, we also used E. coli LPS to
provoke periodontal tissue destruction by endotoxin
induction.
In inflammatory conditions, the tissue osmotic pressure
has an integral role in determining the distribution ofr= 0.81
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Figure 3 Correlation between the increases in gingival
osmotic pressure (GOP) and gingival tumor necrosis factor-a
levels (GTL) in the test group (Pearson correlation test).transcapillary fluid exchange, and thus, it influences the
circulation of fluid among blood vessels, the interstitium,
and lymphatics in pathologically altered tissues.44 Diseased
periodontal sites demonstrated evident GOP increases in
the study in accordance with our previous investiga-
tions,17,23,24 and revealed alterations in the fluid dynamics
of an “advanced lesion” (periodontitis) in the diseased
periodontium. Likewise, the ABL and gingival proin-
flammatory cytokine concentrations were higher in the test
group than in the control group as uniquemarkers of disease
activity and tissue destruction in periodontitis. These
findings, therefore, point out that the increase in GOP
might be a phenomenon observed with early periodontal
inflammation (i.e., periodontitis initiation), and it may also
reflect later phases of the process (i.e., periodontitis
progression) because of chronic stimulation by microor-
ganisms and/or their products in periodontitis.
Positive and strong correlations were found between the
GOP increase and gingival Il-1b and TNF-a productions in
the test group samples. Despite their well-documented
impacts on the pathogenesis, activity, and severity of
periodontitis,45e48 there are insufficient data in terms of
these cytokines and the tissue fluid balance of periodontal
tissues in inflammatory conditions. Actually, the vascular
and/or endothelial interactions of Il-1b and TNF-a in any
inflammatory process may facilitate an evaluation of such
a correlation. It was reported that LPS49, Il-1b, and TNF-a50
exposure may induce apoptotic signaling pathways in
endothelial cells that affect the integrity of the endothelial
barrier, and inhibition of Il-b and TNF-a production may
prevent the vascular permeability increase.51e53 Thus,
these mediators may play crucial roles in the pathophysi-
ological reactions which lead to tissue edema formation
and subsequent osmotic pressure alterations that are the
homeostatic markers of tissue fluid balance.
As to relationships between GOP and cytokines, there
were positive and strong correlations of GOP with ABL in
the present study. ABL is a specific marker of tissue
destruction in periodontitis together with Il-1b and TNF-a,
which are also potent stimulators of bone destruction. The
interstitium was reported to be an “active tissue” during
cell-matrix interactions in inflammatory reactions by
influencing the fluid pressure of tissues, transcapillary fluid
exchange, and interstitial volume.54,55 In this active
region, the destruction process also affects the fluid
dynamics of tissues by: (i) causing transcapillary fluid
transport into the interstitium secondary to the degener-
ation of collagenous and non-collagenous structures, (ii)
increasing the interstitial fluid volume because of the loss
of interactions between connective tissue cells and
extracellular matrix proteins, and (iii) contributing to
edema generation as a result of active fluid influx in the
loose connective tissue through the interstitium.56e58
When also regarding these factors in bone destruction, it
may be speculated that ABL independently leads to
increases in GOP in periodontitis without the potential
effects of Il-1b and TNF-a on ABL.
Within the limits of this study, it was concluded that (i)
there may be positive correlations between the GOP
increase and proinflammatory cytokine production, and
between the GOP increase and ABL in periodontal disease,
(ii) GOP alteration also occurs in the late phases of
Gingival osmotic pressure and periodontal disease 23periodontal inflammation and thus may reflect disease
activity and tissue destruction in periodontitis, and (iii)
both proinflammatory cytokine production and ABL may
independently alter the fluid dynamics of periodontium.Acknowledgments
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